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Agenda

– Radar System Design Challenges
– Signal Processing Algorithm Creation
– Examples 

• Pulsed Doppler (PD) Radar
– Wrap up 
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System Design Challenges

– Advanced radar systems are very complex
– It is based on radar signal processing algorithms
– Algorithm creation requires a platform for simulation 

and verification 
– Enough models for signal generation, transmission, 

antenna, T/R switching, clutter, noise, jamming, 
receiving, signal processing and measurements are 
needed to create the advanced algorithm
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Signal Processing Algorithm Creation 

– System Platform is needed for both design and 
verification

– The Platform can provide
• Algorithm design/verification environment for signal generation 

and performance measurements
• User-friendly algorithm modeling & debug environment 

supporting variety of languages such as C++, Math Lang 
• Interface to test equipment to verify the implemented 

hardware (compared to the original pure algorithm)
– Test sources include radar signal generation with RCS, 

Clutter, Jamming, Doppler frequency offset
– Measurements include waveforms, spectra, detection rate, 

false alarm rate (FAR).
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Platform for Simulation

Tx Waveform 
Library

T/R Component
Library Antenna Library

• Radar Pulse 
Generator
• Coherent Signal 
Generator for Single 
or Multiple Channel

• DAC
• PA
• Up Converter
• Filter
• DDS
• LNA
• Down Converter
• ADC

Radar Environment Radar Signal Processing 
Library

• Antenna Models
• T/R Antenna Array
• Antenna Propagation

• Target
• Clutter
• Jammer
• Interference

• Digital Pulse Compression
• Moving Target Indication (MTI)
• Moving Target Detection (MTD)
• Constant False Alarm Rate (CFAR) 
• Digital Beamformer
• Space-Time Adaptive 

Processing (STAP)
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Platform for Verification

Signal Processor
Hardware

ESG/PSG/MXG PSA/MXA/VSA
LA, Scope

http://www.home.agilent.com/agilent/product.jspx?cc=US&lc=eng&nid=-536906746.536910861.00&imageindex=1�
http://images.google.com/imgres?imgurl=http://icd.el.utwente.nl/rflab/pictures/E4438C-lg.jpg&imgrefurl=http://icd.el.utwente.nl/rflab/instruments/&usg=__5S_yyhpGhX_pSXj_XQEOa7I9n5g=&h=248&w=600&sz=44&hl=zh-TW&start=1&sig2=yW9LtJj8klak-e1ab_E5dQ&um=1&tbnid=_1XUy9ZVp7BbeM:&tbnh=56&tbnw=135&ei=1ISXSeG8LZWm6wOws93vCA&prev=/images?q=E4438C&um=1&hl=zh-TW&rls=com.microsoft:*:IE-SearchBox&rlz=1I7GGLJ&sa=N�
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Platform - Generate Test Signals

Signal Processor
Hardware

Signal GeneratorsSignal Analyzers
Logic Analyzers, 
Scopes

http://www.home.agilent.com/agilent/product.jspx?cc=US&lc=eng&nid=-536906746.536910861.00&imageindex=1�
http://images.google.com/imgres?imgurl=http://icd.el.utwente.nl/rflab/pictures/E4438C-lg.jpg&imgrefurl=http://icd.el.utwente.nl/rflab/instruments/&usg=__5S_yyhpGhX_pSXj_XQEOa7I9n5g=&h=248&w=600&sz=44&hl=zh-TW&start=1&sig2=yW9LtJj8klak-e1ab_E5dQ&um=1&tbnid=_1XUy9ZVp7BbeM:&tbnh=56&tbnw=135&ei=1ISXSeG8LZWm6wOws93vCA&prev=/images?q=E4438C&um=1&hl=zh-TW&rls=com.microsoft:*:IE-SearchBox&rlz=1I7GGLJ&sa=N�
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Platform - Expand Measurements

Signal Processor
Hardware

ESG/PSG/MXGPSA/MXA/VSA
LA, Scope

http://www.home.agilent.com/agilent/product.jspx?cc=US&lc=eng&nid=-536906746.536910861.00&imageindex=1�
http://images.google.com/imgres?imgurl=http://icd.el.utwente.nl/rflab/pictures/E4438C-lg.jpg&imgrefurl=http://icd.el.utwente.nl/rflab/instruments/&usg=__5S_yyhpGhX_pSXj_XQEOa7I9n5g=&h=248&w=600&sz=44&hl=zh-TW&start=1&sig2=yW9LtJj8klak-e1ab_E5dQ&um=1&tbnid=_1XUy9ZVp7BbeM:&tbnh=56&tbnw=135&ei=1ISXSeG8LZWm6wOws93vCA&prev=/images?q=E4438C&um=1&hl=zh-TW&rls=com.microsoft:*:IE-SearchBox&rlz=1I7GGLJ&sa=N�
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Pulsed Doppler Radar System  

– PD radars are extremely valuable for finding small moving 
targets hidden by heavily cluttered environments 

– Unlike the continuous waveform (CW) radar, the PD radar has 
ability to detect angle, distance, and also velocity 

– Typical examples: low-flying aircraft and anti-ship missiles, weather
– PD radars are used for many military and commercial applications

Target without clutter and noise

Target with clutter and noise
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PD Radar System – In Principle

– The Radar Transmission signal and Returned signal [1,2] are 
given by

– Cannot detect the target in time domain because small moving 
targets are hidden by heavily cluttered environments 

– Must detect the signal in frequency domain using the Doppler 
frequency analysis

– We must collect return data and process in both range and frequency 
domain for estimating     and    .  

– 2-dimensional signal processing is required for moving target indicator 
(MTI) and moving target detection (MTD).  

– Constant false alarm rate (CFAR) processing is needed for auto-
detection in PD process.  Without CFAR, auto-detection will fail.

)2()()( tfCostAtS cπ=

)()()())(2()()( tNtNtNtffCostAtS jnCdc +++−+=− τπτ
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PD Radar System – In Principle

2-D data matrix of coherent, baseband returns for M pulses
• Fast time sample rate is 10^5 to 10^8 samples/sec
• Slow time sample rate is the PRF, 10^3 to 10^5 

samples/sec 
• Collected using the pulse burst waveform 

Fast Tim
e (R

ange bins)

Slow Time (for Doppler Frequency)

Sampling Interval
= 1/BW

Sampling Interval
= PRI
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PD Radar System – In Principle

– To extract the Doppler frequency and the target delay 2D signal 
processing is needed

• Doppler processing operates on each row of this Matrix
Two major processing

– MTI applies a linear filter to each row
– PD applies a spectrum estimation to each row

R
ange bins

For Doppler Frequency

MTI filtering
Or spectra
Estimation for
Doppler Freq
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PD Radar System Structure

– For PD, based on the generic radar system structure (shown in 
slide 5), the signal processors include Pulse Compression, MTI, 
MTD and CFAR 
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PD Radar System – Signal Source Models

Signal sources include:
• Pulse signal generator 
• Linear FM pulse signal generator
• Nonlinear FM signal generator
• Polyphase code generator

Example LFM Pulse Signal Generator
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PD Radar System – Target Return Model

Target return model
• Including RCS, Doppler effect, Delay and 

Attenuation
• Fluctuant RCS types: Swirling 0, Ⅰ, Ⅱ, Ⅲ, Ⅳ

linear FM pulse signal generator
)(]/4)(2cos[)()( 00 rdrrr ttURtffttkAtts −⋅+−−=− ϕλππ 

Where R is the distance between radar and target, tr is the path delay, so tr=2R/c. 
Because target has a velocity vr, so the distance K is the effects of the magnitude, including the RCS and 
distance attenuation.
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PD Radar System – Clutter

Choice of 4 amplitude probability distribution functions (PDF) and 
3 power spectrum density (PSD) functions

• PDF
– Rayleigh
– Log-Normal
– Weibull
– K – Distribution

• PSD
– Gaussian
– Cauchy
– All Pole
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PD Radar System – Transmitter and Receiver

– The RF transmitter includes oscillators, modulator, amplifiers and filters
– The RF receiver includes oscillators, demodulator, amplifiers and filters

RF Transmitter

RF Receiver
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PD Radar System – Digital Up Converters

– Digital Up/Down converter (DUC/DDC) for digital IF
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PD Radar System – Antenna 

– S-Parameter based
– Antenna rotation pattern is considered 
– Leverage EM simulation tools antenna analysis result

Antenna Model
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PD Radar System – Pulse Compression
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PD Radar System – Moving Target Indicator

– The basic idea for the moving target indicator (MTI) is to filter the 
clutter at DC or very near DC but keep the other spectrum region 
remaining flat

– A three-pulse (double, second-order) canceller can be formed by 
cascading two first-order sections

– Transfer function

2121)( −− +−= zzzH
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PD Radar System – Moving Target Detection

– A bank of Doppler filters or FFT operators cover all possible expected 
target Doppler shift. 

– The input data is collected in a repetition period using a data bank. 
Then data points within the same range are correlated and processed 
using FFT until all data is processed in the data bank.

R
ange bins

For Doppler Frequency

MTI filtering
Or spectra
Estimation for
Doppler Freq

Delay Estimation 
for the 
Range bin
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PD Radar System – MTD Model
– The MTD model created using Math Language

Open Model

Open Code

Debug 
Code



Copyright © 2010 Agilent Technologies

24

PD Radar System – CA CFAR

– Test cell: the detected cell

– Guard or gap cell: value not to be included in the 
interference estimate due to possible target 
contamination

– Reference cell: values assumed to be interference only, 
thus used to estimate interference parameters
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PD Radar System – CFAR Model
– The CFAR model created using Math Language

Open Model

Debug 
Code

Open Code
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PD Radar System – Measurements

– Basic measurements
• Waveform
• Spectrum 
• Signal Noise Ratio

– Advanced measurements
• Estimation of Distances and Speed
• Detection probability
Pd = Number of Successful detection / Total number of Tests 
• False Alarm probability
Pf = Number of False Error / Total Number of Tests
Importance sampling will be used to speed up the Pf simulation [3].
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PD Radar System – Simulation Setup
– All key parameters can be set in the parameter table defined for 

the PD simulation system as seen as below. User can very easily 
edit, add or delete any parameter.    



Copyright © 2010 Agilent Technologies

28

PD Radar System – Simulation Results
– PD radar extremely valuable in situations involving small moving 

targets hidden by heavily cluttered environments 

Detected Target

Detected Target

Target hidden by clutter
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PD Radar System – Performance

– Detection Probability 
– Estimation of Target Distance and Speed
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Summary

– Algorithms are critical for high-performing advanced radars
– A unified approach using Agilent SystemVue was demonstrated

– Provides a user friendly environment for algorithm development

– Integrates software and hardware to verify algorithms
– A development example for PD radar key algorithms was shown
– SystemVue can also be used to develop algorithms for Digital 

Array Radar plus Space-time adaptive processing (STAP) and 
MIMO Radar
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